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1. 

REUSABLE SOFTWARE COMPONENTS 

BACKGROUND 

The present invention relates to electronic data processing 
in general, and particularly to application programming. 

Applications can be developed using various architectures, 
including, for example, a model-view-controller (MVC) 
architecture. The MVC architecture breaks an application 
into three separate parts—models, views, and controllers. 
Each model can have multiple views, where each view dis 
plays information about the model to a user. A controller of 
the model receives events, for example, raised by a user 
interacting with a view to manipulate the model. Each model 
can have multiple controllers, and a controller can relate to 
multiple views. The models and the controllers typically 
include application code. When changes occur in a model, the 
model updates its views. Databinding is used for data trans 
port between the view and its model or controller. For 
example, a table view can be defined to display data of a 
corresponding table that is stored in the model or controller. 
The table is used as the data source for the table view (datab 
inding). For example, the table view can be replaced by a 
further view. Such as a graph view, that binds against the same 
table. In this case, the further view displays the table data 
without changing anything in the controller or the model. 

Application development is often divided into two general 
stages: design time and runtime. Design time can include 
designing the views of an application (including the layout of 
the user interface (UI) elements in each view), modeling of 
the application flow (including the selection of the views to 
displayed), designing one or more models, and creating and 
editing other application elements, such as controllers and 
contexts. Design time can also include the binding of UI 
elements within the views to data sources that are defined in 
a data type repository. 

Information created during the design time can include 
application metadata. Application metadata can be stored in a 
metadata repository, and used as input to the runtime process. 
During the runtime process, the application metadata can be 
used to generate the actual runtime code of an application. In 
Some implementations, the application metadata is platform 
independent, and the generated runtime code is platform spe 
cific. The runtime code can be executed in a runtime environ 
ment that provides a general framework for running applica 
tions. For example, a runtime environment can provide 
services for deploying and maintaining applications, as well 
as features Such as a caching mechanism that can be used to 
improve performance, and automatic input assistance and 
default error handling that is based on the declared applica 
tion metadata. 

Regardless of which architecture is used, it is often desir 
able to structure an application (including, for example, the 
models, views, and controllers that make up an MVC appli 
cation) into reusable entities or components. The reusable 
components can be embedded by the application, or by 
another reusable component. 

SUMMARY OF THE INVENTION 

In general, in one aspect, the invention provides methods 
and apparatus, including computer program products imple 
menting techniques for structuring applications into reusable 
components. The techniques include defining a component 
having an external interface and internal interface, where the 
component is a reusable software component encapsulating 
functionality, and where multiple instances of the component 
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2 
are usable at the same time. The component is configurable to 
embed one or more specified components. The external inter 
face comprises an external programming interface for pro 
grammatic interaction with the component, and external data 
binding interface for data communication with the 
component, and an external visual interface for access to a 
visual presentation of the component. The internal interface 
provides an interface to the specified embedded components, 
where the internal interface comprises an embedding inter 
face for specifying one or more component interfaces of 
components that can be embedded and internal programming 
interface for programmatic interaction with the embedded 
components, an internal data-binding interface for data com 
munication with the embedded components and an internal 
visual interface for access to a visual representation of the 
embedded components. 

Advantageous implementations of the invention include 
one or more of the following features. The external program 
ming interface, the external data-binding interface, and the 
external visual interface are separate interfaces. The embed 
ding interface, the internal programming interface, the inter 
nal data-binding interface, and the internal visual interface 
are separate interfaces. One or more of the internal program 
ming interface, the internal data-binding interface, and the 
internal visual interface are not implemented. 

In another aspect, the invention provides methods and 
apparatus, implementing techniques for receiving user input 
identifying a first component and a second component, and 
receiving user input embedding the second component within 
the first component. The first component has a first internal 
interface that comprises an internal programming interface 
and internal data-binding interface, and internal visual inter 
face, and an embedding interface. The second component has 
a second external interface that comprises an external pro 
gramming interface, an external data-binding interface, and 
an external visual interface. The received user input embed 
ding the second component within the first component con 
nects the first internal interface to the second external inter 
face. 

Advantageous implementations of the invention include 
one or more of the following features. The techniques further 
include generating configuration data for the first component, 
where the configuration data includes configuration data for 
the embedding interface, the internal programming interface, 
the internal data-binding interface, and the internal visual 
interface. The configuration data for the embedding interface 
specifies external interfaces of one or more components that 
can be embedded in the first component. The configuration 
data for the embedding interface specifies a number of 
instances of a component of the one or more components that 
can be embedded in the first component. The configuration 
data for the internal programming interface, the internal data 
binding interface, and the internal visual interface specifies 
connections with the external programming interface, the 
external data-binding interface, and the external visual inter 
face respectively. 

Implementations can realize one or more of the following 
advantages. Applications implemented using reusable soft 
ware components that provide an internal interface can be 
configured by a business expert to customize the application 
user interface (UI). The business expert can customize the 
application UI for Such applications in a code free manner that 
does not require any software development by the business 
expert. The business expert can customize such applications 
in a visual composition tool. Applications implemented using 
reusable Software components that provide an internal inter 
face can be customized by a business expert by embedding 
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components using the internal interface or by connecting 
components to the internal interface using a visual tool. The 
details of one or more implementations of the invention are 
set forth in the accompanying drawings and the description 
below. Further features, aspects, and advantages of the inven 
tion will become apparent from the description, the drawings, 
and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a development environment 
for developing an application program using reusable com 
ponents. 

FIG. 2A is a block diagram of a component. 
FIG. 2B illustrates further features of a component. 
FIG. 3 is a block diagram of a system for accessing an 

embedded component instance. 
FIG. 4 is a block diagram of a view. 
FIG.5 illustrates a visual interface with multiple views that 

are linked together using navigation links. 
FIG. 6 illustrates an example of a structure of a context 604 

at design time and at runtime. 
FIG. 7 illustrates the context 604 at runtime as a set of data 

instances. 
FIG. 8 illustrates mapping of contexts according to the 

present invention. 
FIG.9 is a block diagram of a reusable software component 

providing an external interface and an internal interface. 
FIG. 10 is a block diagram illustrating different roles and 

functions involved in the development of applications using 
components that provide external and internal interfaces. 

FIG. 11 illustrates an example of configuring a component 
to embed other components. 

Like reference numbers and designations in the various 
drawings indicate like elements. 

DETAILED DESCRIPTION 

FIG. 1 is a block diagram of an environment for developing 
an application program 100 using reusable components. The 
development environment includes an application develop 
ment framework 105 and a component repository 115. The 
application program 100 is developed using reusable compo 
nents available in the component repository 110, e.g., com 
ponents 115, 120, and 125. A component in the component 
repository 110 can have more than one instance, where the 
component instances are being used in multiple application 
programs. The application program 100 is developed at 
design time using the application development framework 
105. 

At runtime, the application runs within a runtime frame 
work that provides the code required to create and manage the 
instances of the components used by the application program 
100. As discussed below, the services provided by the runtime 
framework include component lifecycle management and 
managing component event Subscriptions. 

FIG. 2A is a block diagram of a component 200. The 
component 200 is a reusable entity providing functionality 
that can be used by many applications (or that can be used 
multiple times by the same application). Components 200 can 
be embedded, and they can have Zero or more visual repre 
sentations. A component having no visual representations 
cannot be displayed. An application or a component that 
embeds the component 200 is referred to as a component 
embedder for the component 200, and the component 200 is 
referred to as the embedded component. 
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4 
The component 200 provides three separate interfaces—a 

programming interface 205, a data binding interface 210, and 
a visual interface 215. The programming interface 205 is used 
by the component embedder to interact with the component 
200. The component interface is an active component. The 
component interface is not just a signature. The component 
interface defines the component methods that are visible to 
the component embedder and routes the visible method calls 
to one or more component implementations. The component 
embedder embeds the component 200 by programming to the 
programming interface 205, i.e., the component embedder 
can call the methods provided by the programming interface 
205. In one implementation, the programming interface 205 
can be provided by a controller, referred to as a component 
interface controller. Thus a component embedder can interact 
with an embedded component through the interface control 
ler of the embedded component. 
The component 200 also has one or more visual represen 

tations (which will be referred to as views). As described 
below, a component embedder can access and use the visual 
representations of the component 200 (for example, to form 
its own visual representations) through a visual interface 215. 
The databinding interface 210, described below, is used by 

a component embedder to exchange data with the component 
2OO. 

In one implementation, the component 200 includes one or 
more controllers, one or more associated contexts, and 
optionally one or more views. The controllers are used to 
implement the logic of the component, and the views provide 
a visual representation of the component. A component can 
include multiple types of controllers, as explained below. The 
controllers implement event handlers that are executed in 
response to an action performed by a user, e.g., pressing a 
button or making a menu selection. Each controller is bound 
to an associated context. A context is a local data structure for 
a controller that stores data and state specific to the controller. 

FIG. 2B illustrates further features of a component 200. 
The programming interface 205 for the component 200 
includes an interface controller 220 and a configuration con 
troller 230. The interface controller 220 implements methods 
that can be used (e.g., by a component embedder) to interact 
with the component 200. The configuration controller 230 
provides access to configuration data for the component 200. 
The interface controller 220 has an associated interface con 
text 225 that stores data and state for the interface controller 
220. The configuration controller 230 has an associated con 
figuration context 235 that stores configuration data for com 
ponent 200. The component embedder uses the data-binding 
interface 210 to exchange data with the interface context 225 
and the configuration context 235. The runtime framework 
105 initializes the configuration context 235 when an instance 
of the component 200 is created at runtime using configura 
tion data provided by the component embedder. The configu 
ration data stored in the configuration context can include 
data used by the component embedder to customize the com 
ponent 200, e.g., fontsize, and selection of fields for a table 
view. 

FIG. 4 is a block diagram of a view. A visual interface of a 
Software application is made up of one or more views 
arranged in a specific layout. A view 400 specifies a layout of 
at least one user interface element (UI) element 405, and a 
view area. UI elements in a view can include buttons, labels, 
and menus. The view area defines the area to be occupied by 
the view 400 in a visual interface embedding the view 400. 
The UI elements included in the view 400 can include Input 
UI elements, View UI elements, and Container UI elements. 
An Input UT element is used to receive input from the user, 
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e.g., a drop down menu, an input field, or a table UI element. 
A View UI element is used to display application data, e.g., an 
image view, a text view, or a caption. A Container UI element, 
described below, is used to include other views and UI ele 
ments, e.g., a scroll container UI element having a scroll bar, 
or a container UI element specifying a layout for included 
W1WS. 

The visual interface can have more than one view, of which 
only some views are visible at any time. The views that are 
visible in the visual interface can change, e.g., the views that 
are visible can change in response to input from the user. 
Inbound plugs, outbound plugs, and navigation links are 
design time constructs that are used by application developer 
to specify transitions between the views. Each view has an 
inbound plug 420 and an outbound plug 425. At design time, 
each navigation link establishes a potential transition from the 
view with the outbound plug 425 to the view with the inbound 
plug 420. At design time, a transition from a first view to a 
second view is specified by connecting the outbound plug 425 
of the first view to the inbound plug of the second view. The 
navigation links are processed at runtime to cause the view 
transitions specified at design time. At runtime, the applica 
tion calls the outbound plug of the first view to cause a 
transition from the first view to the second view. 

Each inbound plug 420 includes an application specific 
event handler, and calling the inbound plug results in running 
the event handler for the inbound plug 420 before displaying 
the view 400 corresponding to the inbound plug 420. Navi 
gation links are typically processed in a runtime framework 
by calling all the inbound plugs 420 connected to an outbound 
plug 425 when the outbound plug 425 is called. The event 
handler for an inbound plug 420 can call the outbound plug 
425 for the view corresponding to the inbound plug to cause 
other views connected to the outbound plug 425 to be dis 
played. The application can use the event handler for the 
inbound plug 420 to initialize the corresponding view, e.g., 
the corresponding view can be initialized based on why the 
view is being displayed. 
The view 400 can have an associated view controller that 

includes the event handlers associated with the inbound plug. 
The view controller also contains event handlers for the UI 
elements in the view as well as the presentation logic for the 
V1eW. 

The application or a reusable component can specify any 
number of views at design time, any of which can be dis 
played at runtime. The set of views that can be displayed, for 
the application or the component, is referred to as the view 
composition. A view assembly is the set of views that are 
actually displayed at runtime. The view assembly, for an 
application or a component, consists of views in the view 
composition that are selected for display at a certain point in 
time. When a navigation link is processed at runtime, a view 
in a current view assembly may be replaced by one or more 
destination views from the view composition. 

FIG.5 illustrates a visual interface with multiple views that 
are linked together using navigation links. Each navigation 
link connects an inbound plug to an outbound plug. The view 
area 500 includes three views 505, 510, and 515, of which 
view 505 is currently displayed in the view area 500. View 
505 has inbound plug 515 and outbound plug 520. View 510 
has inbound plug 525 and outbound plug 530. View 515 has 
inbound plug 535 and outbound plug 540. Outbound plug 520 
is connected to inbound plug 525 by a navigation link 545, 
and outbound plug 520 is connected to inbound plug 535 by 
a navigation link 550. If view 505 activates outbound plug 
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6 
520 by triggering the specified event for the outbound plug 
520, views 510 and 515 are displayed in the view area 500 
instead of the view 505. 

Applications can make use of components that contain 
view compositions. Components can embed other compo 
nents, such that a first component can interact and make use of 
a second, embedded, component. The view composition of 
the first component can include views of the second compo 
nent. Similarly the view composition of the application can 
include views of the components used by the application. In 
addition, an application developer can design application spe 
cific views that are part of the application's view composition. 
A component developer designates one of the views in the 

view composition of the component as an interface view 240. 
The interface view 240, and the associated inbound plug and 
outbound plug, are the visual interface for the component 
200. At design time, the component embedder can use navi 
gation links to specify view transitions to the interface views 
240 of embedded components 200 like any other view in the 
view composition of the component embedder. A component 
can present more than one visual interface by defining more 
than one interface view. 

Each view has a view controller and a view context asso 
ciated with the view controller. The view controller imple 
ments presentation logic implemented by the view Such as 
triggering events in response to user interaction with user 
interface elements in the view. The view context stores data 
and state associated with the view controller. The view con 
text can be used to communicate data between the view and 
any controller of the component 200 by mapping the view 
context to the context of the controller. 

Referring to FIG. 2 the component 200 can also include a 
component controller 250 that implements common func 
tionality required by views implemented by the component. 
The component controller receives control when the compo 
nent is instantiated, after the component instance has been 
initialized. The component 200 can also include one or more 
custom controllers 260, and associated contexts 265. The 
custom controllers 260 and associated contexts 265 are used 
to implement and structure functionality and data storage for 
the component 200. 
The component embedder interacts with the embedded 

component 200 by using the programming interface 205, the 
data-binding interface 210, and the visual interface 215. The 
embedded component 200 can interact with the component 
embedder by generating events. The component embedder 
can Subscribe to events generated by the embedded compo 
nent 200, and react to such events. 

FIG. 3 is a block diagram of a component embedder 310 
using an instance 300 of an embedded component 200, at 
runtime. The embedded component instance 300 is created at 
runtime. The embedded component 200 is reusable and sev 
eral instances 300 of the embedded component 200 can be 
used at the same time. In the implementation shown in FIG.3, 
the runtime framework provides the services necessary for 
managing multiple component instances 300. Services pro 
vided by the runtime framework include the creation of com 
ponent instances, e.g., using a component factory method to 
create component instances, and managing the lifecycle of 
component instances, e.g., deleting component instances 
embedded by a component embedder when the component 
embedder is deleted. Thus, neither the component embedder 
nor the embedded component 200 needs to include code for 
managing multiple component instances 300. Component 
usage object 305 is an object provided by the application 
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development framework 105 to manage multiple component 
instances. Each component usage object 305 is associated 
with a component. 

Component usage object 305 provides life-cycle manage 
ment of the associated component 200 by providing methods 
for creating and deleting component instances 300 of the 
associated component 200 at runtime. The life-cycle of the 
component instance 300 is controlled by the component 
embedder 310. At design time an application programmer 
programs using a programming interface for a component 
without specifying a particular implementation of the com 
ponent. The component programming interface used by the 
application programmer at design time is bound to a compo 
nent implementation that provides the programming interface 
at run time. At run time, the component embedder 310 creates 
the component instance 300, implementing the component 
programming interface used by the component embedder, by 
calling the methods provided by the component usage object 
305. The component usage object 305 responds to requests to 
create a component instance by selecting a component in the 
repository 110 that implements the desired programming 
interface and creating an instance of the selected component. 
Alternatively, if the application programmer specifies a com 
ponent implementation at design time, an instance of the 
specified component can be created and used at runtime. 
The runtime framework 115 uses component usage object 

305 to access the programming interface of the associated 
component. The component usage object 305 is also used to 
manage event Subscriptions for the associated component. In 
an implementation where a component embedder can Sub 
scribe to events generated by embedded components, the 
component usage object 305 caches the event subscriptions 
for Subscribing component, if there is no instance of the 
Subscribing component (because the Subscribing component 
has not been created or because it has been deleted). In such 
a situation, the event subscriptions are delivered to the sub 
scribing component when the Subscribing component is 
instantiated. Component usage object 305 includes a context 
mapper 330 that maintains context mappings between the 
component embedder 310 and the component instance 300. 
The component usage object 305 caches specified context 
mappings for a component that has not been instantiated, and 
creates the specified context mappings for the component 
after the component has been instantiated. 

Context is a local data structure for a controller that stores 
data and state specific to the controller. Controllers within a 
component, i.e., the interface controller, the configuration 
controller, the component controller, custom controllers, and 
view controllers, communicate data by mapping contexts. 
Similarly, the data-binding interface allows the component 
embedder 310 to communicate data with the embedded com 
ponent 300 by mapping the interface context 225 and the 
configuration context 235 using the context mapper 330. 

FIG. 6 illustrates an example of a structure of a context 604 
at design time and at runtime. In general, structure elements 
of the design time context structure are different from struc 
ture elements of the runtime context structure. 

An example of a design time context structure is a node 
hierarchy, wherein the structure elements of the node hierar 
chy can be nodes and attributes. The root-node of the node 
hierarchy represents the context itself. For example, the child 
nodes of the root node can be defined by the application. 
Child nodes of the root node will also be referred to as inde 
pendent nodes. Child nodes of independent nodes depend on 
their corresponding parent node and will also be referred to as 
dependent nodes. 
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8 
A node has a node type. Examples of node types are value 

nodes and model nodes. A value node can maintain, that is, 
store and administrate, its own application data (transient 
application data). The data can be, for example, Scalar data, 
tables or structures. A model node includes a reference to 
application data that persists in a corresponding model. 
The parent node can also have attributes. Each child node 

can include an arbitrary tree structure that includes further 
child nodes and/or attributes. Attributes are leaves in the tree 
structure. Attributes represent, for example, Scalar data types, 
Such as strings and integers or JavaTM types (e.g., java. util, 
Date). 

In the example of FIG. 6, at design time, the context 604 
includes the independent node PN that includes the two 
attributes A1, A2 and that is the parent node of the dependent 
nodes CN1, CN2. The second dependent node CN2 has two 
further attributes A3, A4. This structure defines a first node 
element 601 for the parent node PN and a second node ele 
ment 602 for the second child node CN2. The first node 
element 601 includes information about the context structure 
with regards to the parent node PN. In other words, it sum 
marizes all information that is available at the context struc 

ture level that is under the level of the parent node PN. The 
second node element 602 includes information about the 
context structure with regards to the second dependent node 
CN2. The context structure implies that the second node 
element 602 depends on the first node element 601. 
At runtime, structure elements (e.g., nodes) represent a set 

of data instances. Nodes provide type information about 
object instances that are maintained by the node. Each node 
can have a node collection, wherein each element of the node 
collection has the same node element type. 

In the example of FIG. 6, at runtime, the parent node PN 
has a first node collection 701 that includes multiple runtime 
instances of the first node element 601. Each runtime instance 
of the first node element 601 can have a second node collec 
tion 702 of multiple runtime instances of the second node 
element 602. A node collection can be empty or has at least 
one instance of the corresponding node element. 
A node collection has a cardinality and a node collection 

type, such as list, tree, set, or collection. The node collection 
cardinality (see table 2) and the node collection type (see table 
1) can be declared at design time. An evaluation mechanism 
can be used to automatically evaluate the node collection of a 
child node at runtime when its parent node changes. 

TABLE 1 

Examples of node collection types 

Value Meaning 

Collection forward-only iterator (cursor) without absolute positioning 
Set no duplicates, forward-only iterator without absolute 

positioning 
List duplicates allowed, position available, list iterator, absolute 

positioning (indexed access) 

The application can use the cardinality of a node collection 
to restrict possible operations on a node (e.g., prohibit 
indexed access to a node that has at most one node collection 

element). 
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TABLE 2 

Examples of the cardinality of a node collection 

Value Meaning 

O... 1 node collection can be empty, contains at most one element 
1... 1 node collection always contains exactly one element. 
O... in node collection can be empty or contain any number of elements 
1... in node collection always contains at least one element. 

The content of a node collection can be determined in 
various ways. 
The node values of independent nodes can be set by ini 

tializers or event handlers or can be set through a Supply 
function. The supply function is called when the node is 
accessed. To access a node, for example, the node is queried 
for its data by application code or by a user interface (UI) 
element (of the view) that is bound to the node. 

Dependent nodes can get their values by using a Supply 
function. For example, the node collection of a dependent 
node can become obsolete when a selection of its parent node 
changes. In this case the dependent node is recalculated, that 
is, the content of its node collection is determined on a Sub 
sequent access. In another example a representation instance 
is created for each dependent node of a parent node. The 
values of the representation instances are calculated when the 
corresponding parent node is accessed. In other words, using 
representation instances enables a "load data on demand” or 
a “unload data when not needed' mechanism. Therefore, 
memory is used in an efficient manner. 
The content of a node collection can also be explicitly setto 

a state, such as “invalid’ or “unfilled’. When the node is 
accessed the next time, the node collection content is deter 
mined again. This can be used to force a re-read of modified 
data when the modification (e.g., in the model) was not visible 
to the application runtime. 

FIG. 7 illustrates the context 604 at runtime as a set of data 
instances. The nodes of the context at runtime represent a 
System-managed set of data instances (e.g., a java.sql 
..RecordSet). For example, data instances are returned 50 
from a database or backend system 710 in response to a query 
(e.g., a structured query language (SQL) query) that is sent 40 
from the computer system 700 to the database/backend sys 
tem 710 when a node is accessed, for example, by an appli 
cation. Examples of backend systems are Enterprises 
Resource Planning systems, Customer Relationship Manage 
ment systems, web server systems providing web services or 
any other system that stores application data. Accessing a 
node means requesting data from the corresponding model. 
This can result in a corresponding query request from the 
model to the database/backend system 710. Nodes provide 
type information about object instances that are maintained 
by the node. The type information can also be derived from 
the model. For example, if the parent node PN corresponds to 
a customer, its node collection 701 can include all orders for 
this customer. When the application accesses the parent node 
PN, the computer system 700 can send 40 a query to retrieve 
all orders of the customer from the corresponding database/ 
backend system 710, such as a sales and distribution (SD) 
system or a customer relationship management (CRM) sys 
tem. The retrieved orders (data instances) are then returned 50 
to the computer system 700 context 604 to fill the correspond 
ing data of elements of the node collection 701. 

FIG. 8 illustrates mapping of contexts according to the 
present invention. 
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Because UI elements (e.g., UI elements 851, 852) of views 

(e.g., VIEW 1, VIEW 2) that are used in a user interface (UI) 
850 bind 81, 82 to view contexts (e.g., VIEW CONTEXT 1, 
VIEW CONTEXT 2) and long persisting data can reside in 
custom contexts (e.g., CUSTOMCONTEXT I), an embodi 
ment of the present invention enables mapping 91, 92 of 
nodes/attributes of view contexts or custom contexts to 
nodes/attributes of custom contexts. In other words, nodes 
and attributes of view contexts or custom contexts can refer 
ence type-compatible nodes and attributes in other custom 
contexts. Nodes can also be mapped to other nodes within the 
same context. Node mapping reduces the need for copying 
data between several contexts by enabling a node N1 of a first 
context (e.g., a view context, such as VIEW CONTEXT 2, or 
a custom context) to reference 91 a node N1" of a second 
context (e.g., a custom context, such as CUSTOMCON 
TEXT I, or an application context), where the node N1" of the 
second context has or references the data. The same is true for 
attributes. 

Therefore, the data can be manipulated in a custom/appli 
cation context and each view context that references the cus 
tom/application context provides its view with the current 
data stored in the custom/application context. Mapping con 
texts can span multiple context levels. That is, a custom 
context can reference a further custom context. Therefore, 
context hierarchies can be created (see FIG. 7). 

For example, related data can be collected in a dedicated 
custom context. The binding to this data is implemented by 
using a view context that is mapped to the custom context 
accordingly. 
The extended MVC pattern enables an application devel 

operto quickly modify an application while maintaining con 
sistency of the application. For example, in some cases rear 
rangement of views or UI elements can be achieved without 
modifying the corresponding controller code. This provides a 
way for an application developer to better structure applica 
tions in light of potential functional enhancements or 
changes. For example, reusing a field that already exists on 
one view in other views can be achieved by defining the 
corresponding mapping while the corresponding controller 
code stays valid. 
The following examples explain various features of context 

mapping that can be implemented with the present invention. 

FIRST EXAMPLE 

If a node M (“Mapped Node') is mapped to a node O 
(“Origin Node'), node M maps its node collection to node 
O's node collection. The node selections of nodes M and O 
can be mapped. Node M can also maintain its own node 
selection on node O’s node collection. 

For example, the node collection cardinality of node M 
equals that of node O (e.g., by inheritance). 
The selection cardinality can be inherited from origin node 

O. Node M can override the node cardinality inherited from 
node O. 

If node O is a singleton node, node M is a singleton node, 
too. If node O is a non-singleton node, node M can be a 
singleton or non-singleton node. If node M is a non-singleton 
node it shares the same parent node collection with node O. If 
node M is a singleton node, then the collection of node M 
follows the instance of node O that belongs to the lead selec 
tion of node O’s parent node. 
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For mapped nodes, the content of the node collection can 
be defined by the node collection of the origin node. 

SECOND EXAMPLE 

An independent node can always be mapped. It can be 
mapped to any other node in the same context or to any other 
node in another custom context (as long as no cycle is formed 
with regards to parent-child and mapping relationships). 
A child node of a mapped node can be unmapped. In this 

case its content can be determined by the Supply function 
mechanism. 
When a parent node is mapped to a further parent node, a 

child node of the parent node can be mapped to a further child 
node of the further parent node. In other words, if node W is 
a child of node Xand node Y is a child of node Z. node W can 
be mapped to node Y if node X is mapped to node Z. 

If a child node of a mapped node is mapped to a further 
child node of the corresponding origin node, then either the 
mapped node maps to the node selection of the origin node or 
the origin node is a non-singleton node. This avoids a conflict 
between the dependencies implied by the parent/child rela 
tionship and the mapping relationship that results from map 
ping a selection of a child node of an unmapped node. 

FIG. 9 illustrates one implementation of the reusable soft 
ware component 200 that provides two types of interfaces— 
an external interface and an internal interface, i.e., external 
panel 950 and internal panel 955 respectively. The external 
interface 950 is used by an application or a component that 
embeds the component 200. The external interface provides 
three separate interfaces—the programming interface 205, 
the data-binding interface 210, and the visual interface 215 
(hereinafter referred to as external programming interface, 
external data-binding interface, and external visual interface 
respectively). The internal interface 955 is used by a business 
expert to configure applications by embedding existing com 
ponents into the component 200. The internal interface speci 
fies what components can or should be embedded into the 
component 200 and the interface between the component 200 
and components embedded using the internal interface. The 
internal interface provides four separate interfaces—a pro 
gramming interface 905, a data-binding interface 910, a 
visual interface 915, and an embedding interface 920 (here 
inafter referred to as internal programming interface, internal 
data-binding interface, internal visual interface, and embed 
ding interface respectively). 
The embedding interface 920 specifies one or more com 

ponent interfaces of reusable components that can be embed 
ded in the component 200. In one implementation, for each 
reusable component that can be embedded in the component 
200, the embedding interface 920 specifies a number of 
instances of the reusable component that can be embedded, 
i.e., the cardinality of each reusable component. A component 
developer developing the component 200 specifies the 
embedding interface, including the specification of external 
interfaces of components that can be embedded in the com 
ponent 200, and optionally the cardinality of each specified 
component external interface. The business expert configur 
ing the component 200 configures the embedding interface to 
specify which components are to be embedded in the com 
ponent 200. The external interfaces of the embedded compo 
nents specified by the business expert must match one of the 
external interfaces specified by the component developer in 
the embedding interface. The business expert can also con 
nect the external programming, data-binding, and visual 
interfaces of the embedded components to the internal pro 
gramming, data-binding, and visual interfaces of the compo 
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12 
nent 200, or to the external programming, data-binding, and 
visual interfaces of other embedded components respectively. 
The internal programming interface 905 provides a pro 

gramming interface between the component 200 and compo 
nents that are embedded by the business expert. The internal 
programming interface can be used to specify events that are 
exposed by the component 200 to the embedded components, 
and event handlers provided by the component 200 to con 
Sume events generated by the embedded components. The 
internal programming interface 905 is similar to the external 
programming interface 205. However, the interface presented 
by the component 200 to an embedding component using the 
external programming interface 205 can be different from the 
interface presented to an embedded component using the 
internal programming interface 905. For example, some of 
the events and event handlers accessible through the external 
programming interface may not be accessible using the inter 
nal programming interface. The external programming inter 
face specifies methods that can be used by a component 
embedder to interact with the component 200, and the internal 
programming interface specifies exits that are implemented 
by the component 200 to interface with embedded custom 
components. An exit is a predefined extension point at which 
a user or a developer can plugin a custom component. An exit 
specifies a predefined interface that must be implemented by 
the custom component in order to allow the custom compo 
nent to be used by the component 200 in place of one or more 
standard components stored in the repository. The external 
programming interface also specifies an interface for com 
municating error states of the component 200 to the embed 
ding components. 
The internal data-binding interface 910 is used by the com 

ponent 200 to exchange data with the embedded components. 
The internal data-binding interface specifies data that is 
passed from the component 200 to the embedded components 
and data that is expected to be delivered to the component 200 
from the embedded components. The interface presented by 
the internal data-binding interface 910 can be different from 
the interface presented by the external data-binding interface 
210 even though the two interfaces have similar features. For 
example, the configuration context presented to the embed 
ding component using the external data-binding interface 210 
can be different from the configuration context presented to 
the embedded components using the internal data-binding 
interface. In addition, the external data-binding interface is 
also used to exchange data related to the error states of the 
component 200 with the embedding components. 
The internal visual interface 915 is used to specify a loca 

tion for a visual representation of the embedded components 
in the visual representation of the component 200. The inter 
nal visual interface 915 and the external visual interface 215 
can be used to present two different visual representations, 
even though the two interfaces have similar features. In a 
simplified implementation, the component 200 does not pro 
vide the internal visual interface 915. 

Table 3 illustrates the features that are available in the 
external interface and the interface of the component. 

TABLE 3 

External Interface Internal Interface 

Visual Interface 
Programming Interface 

(Public) Windows 
Interface and Configuration Interface and 
Controller with Configuration 
Events Controller with 
Event Handlers Events 
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TABLE 3-continued 

External Interface Internal Interface 

Methods 
Interface Controller with 
Error State 
Configuration Context 
Interface Context 
Error State 

Event Handlers 
Exits 

Data-binding Interface Configuration 
Context 

Embedding Interface Component Usages 

The business expert configures an application by configur 
ing the component 200 to reuse existing components that are 
embedded by the business expert. In one implementation, the 
component 200 exposes all configurable features and all con 
figurable interfaces, i.e., typed holes, for embedding other 
components at the interfaces of the component 200, and the 
business expert configures the component 200 by interacting 
with the component interfaces, e.g., the internal interface. 
Exposing all the configurable features and all the config 
urable interfaces for embedding other components at the 
component interface allows a strict separation between the 
implementation of the component 200 and the configurable 
features and interfaces. As a result of this strict separation, the 
implementation of the component 200 is completely hidden 
from the business expert configuring the application, and the 
implementation of the component can be changed without 
invalidating a configured application. 
The business expert configuring the component 200 has 

two options to specify interactions between the component 
200 and components embedded by the business expert. First, 
the business expert can specify interactions between the com 
ponent 200 and the components embedded by the business 
expert directly via the component interfaces specified in the 
embedding interface. Second, the business expert can specify 
interconnections between the internal programming inter 
face, the internal data-binding interface, and the internal 
visual interface of the component 200 and the corresponding 
external programming interface, the external data-binding 
interface, and the external visual interface of the components 
embedded by the business expert. In addition to these two 
methods for specifying interactions between the component 
200 and the embedded components, the component developer 
can embed other components during the implementation of 
the component 200 by using component usage objects that 
refer to the external interfaces of embedded components. 
However, the business expert cannot use the internal inter 
faces to configure the components embedded by the compo 
nent developer using component usage objects. 

FIG. 10 illustrates example roles and functions that can be 
involved in the process of developing, configuring, and using 
applications based on the component 200. The process begins 
with the development of one or more components that pro 
vide external and internal interfaces and a corresponding 
configuration application 1015 that is used to produce con 
figuration data that configures the component 200 by config 
uring its internal interface. In one implementation, a generic 
configuration tool is provided as part of the development 
framework that can be used to perform generic configuration 
operations for the internal interface of the component, e.g., 
selecting a valid range of values for a specified data type from 
the allowed range of values for the specified data type. 
An application provider 1010 implements the application 

1012 and any components required by the application. The 
application provider 1010 is a skilled programmer. The appli 
cation provider 1010 specifies the external interfaces of com 
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14 
ponents that can be embedded within each component 200 
using the embedding interface 920. The application provider 
1010 is not required to specify concrete components to be 
embedded within the component 200. As described later, a 
business expert 1020 determines which components specified 
in the embedding interface 920 are to be embedded as part of 
configuring the application 1012, and specifies an implemen 
tation for each component to be embedded. In one implemen 
tation, all the UI pattern components specified in the embed 
ding interface 920 are not embedded by the business expert 
102O. 
To create a customized application 1022 for a specific type 

of business process, the business expert 1020 specifies con 
crete implementations of components to be embedded in the 
components 200 of the application and configures the inter 
faces between the component 200 and the embedded compo 
nents. The business expert 1020 typically has expertise in a 
particular application or business area, e.g., a program man 
ager or a business executive, and is not required to have 
programming skills in order to customize the application 
1012. In one implementation, the business expert customizes 
the application by dragging an implementation of an embed 
ded component into a window and connecting it to the corre 
sponding embedding interface of the component 200 using a 
graphical user interface. 

Multiple application development scenarios are possible. 
For example, an application provider 1050 can deliver appli 
cations 1012 to a customer either with or without specifying 
implementations of the embedded components, and either 
with or without the corresponding configurations of the com 
ponents 200. In one scenario, an application developer 1010 
on the application provider side configures the components in 
the application, including specification of implementations 
for components that are to be embedded in the component 
200, and delivers a customized application 1022 that is ready 
to be used by an application end-user 1030 on the customer 
side 1055. In an alternative scenario, a business expert 1020 
on the customer side determines the implementation of com 
ponents to be embedded and specifies the corresponding con 
figuration data. 

FIG. 11 illustrates configuring a component, i.e., Compo 
nent A1100, to embed other components. The external inter 
face 1118 for Component. A provides an external program 
ming interface 1112, an external data-binding interface 1114, 
and an external visual interface 1116. The internal interface 
for Component. A provides an internal programming inter 
face 1120, an internal data-binding interface 1122, and an 
embedding interface 1124. The developer of Component A 
provides the external interface 1118, the internal interface 
1126, and an implementation for the component 1100. In 
addition, the developer of Component. A specifies that com 
ponents having external interfaces like components Compo 
nent B 1105 and Component C 1110 can be embedded in 
Component A 1100 using the embedding interface 1124. In 
one implementation, the component developer includes the 
component usage objects corresponding to Component B 
and Component C in the embedding interface 1124 to 
specify that such components can be embedded in Compo 
nent A. The component developer for Component A can 
also provide a configuration application for configuring the 
internal interface 1126 to embed concrete implementations of 
components Component A and Component B. A business 
expert embeds Component A and Component B by binding 
an implementation of each component that implements the 
corresponding interfaces specified in the embedding interface 
1124. Component A 1100 can interface with the embedded 
Component B and Component Cusing the interfaces speci 
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fied in the embedding interface 1124. In addition, since the 
business expert has bound the internal programming interface 
1120 and the internal data-binding interface 1122 of Compo 
nent. A to the external programming interface 1130 and the 
external data-binding interface 1132 of Component B 1105 
respectively, these interfaces can also be used by Compo 
nent. A to interface with Component B. The application pro 
vider has also bound the external data-binding interface of 
Component B 1105 to the external data-binding interface of 
Component C 1110 to provide a data interface between the 
two components. 

The above-described techniques can be implemented in 
digital electronic circuitry, or in computer hardware, firm 
ware, software, or in combinations of them. The implemen 
tation can be as a computer program product, i.e., a computer 
program tangibly embodied in an information carrier, e.g., in 
a machine-readable storage device or in a propagated signal, 
for execution by, or to control the operation of data process 
ingapparatus, e.g., a programmable processor, a computer, or 
multiple computers. A computer program can be written in 
any form of programming language, including compiled or 
interpreted languages, and it can be deployed in any form, 
including as a stand-alone program or as a module, compo 
nent, Subroutine, or other unit Suitable for use in a computing 
environment. A computer program can be deployed to be 
executed on one computer or on multiple computers at one 
site or distributed across multiple sites and interconnected by 
a communication network. 
Method steps can be performed by one or more program 

mable processors executing a computer program to perform 
functions of the invention by operating on input data and 
generating output. Method steps can also be performed by, 
and apparatus can be implemented as, special purpose logic 
circuitry, e.g., an FPGA (field programmable gate array) or an 
ASIC (application-specific integrated circuit). Modules can 
refer to portions of the computer program and/or the proces 
sor/special circuitry that implements that functionality. 

Processors suitable for the execution of a computer pro 
gram include, by way of example, both general and special 
purpose microprocessors, and any one or more processors of 
any kind of digital computer. Generally, a processor will 
receive instructions and data from a read-only memory or a 
random access memory or both. The essential elements of a 
computer are a processor for executing instructions and one 
or more memory devices for storing instructions and data. 
Generally, a computer will also include, or be operatively 
coupled to receive data from or transfer data to, or both, one 
or more mass storage devices for storing data, e.g., magnetic, 
magneto-optical disks, or optical disks. Information carriers 
Suitable for embodying computer program instructions and 
data include all forms of non-volatile memory, including by 
way of example semiconductor memory devices, e.g., 
EPROM, EEPROM, and flash memory devices; magnetic 
disks, e.g., internal hard disks or removable disks; magneto 
optical disks; and CD-ROM and DVD-ROM disks. The pro 
cessor and the memory can be Supplemented by, or incorpo 
rated in special purpose logic circuitry. 

To provide for interaction with a user, the above described 
techniques can be implemented on a computer having a dis 
play device, e.g., a CRT (cathode ray tube) or LCD (liquid 
crystal display) monitor, for displaying information to the 
user and a keyboard and a pointing device, e.g., a mouse or a 
trackball, by which the user can provide input to the computer 
(e.g., interact with a user interface element). Other kinds of 
devices can be used to provide for interaction with a user as 
well; for example, feedback provided to the user can be any 
form of sensory feedback, e.g., visual feedback, auditory 
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feedback, or tactile feedback; and input from the user can be 
received in any form, including acoustic, speech, or tactile 
input. 
The above described techniques can be implemented in a 

distributed computing system that includes a back-end com 
ponent, e.g., as a data server, and/or a middleware component, 
e.g., an application server, and/or a front-end component, 
e.g., a client computer having a graphical user interface and/ 
or a Web browser through which a user can interact with an 
example implementation, or any combination of Such back 
end, middleware, or front-end components. The components 
of the system can be interconnected by any form or medium 
of digital data communication, e.g., a communication net 
work. Examples of communication networks include a local 
area network (“LAN”) and a wide area network (“WAN”), 
e.g., the Internet, and include both wired and wireless net 
works. 

The computing system can include clients and servers. A 
client and server are generally remote from each other and 
typically interact through a communication network. The 
relationship of client and server arises by virtue of computer 
programs running on the respective computers and having a 
client-server relationship to each other. 
The invention has been described in terms of particular 

embodiments, but other embodiments can be implemented 
and are within the Scope of the following claims. For example, 
the operations of the invention can be performed in a different 
order and still achieve desirable results. In certain implemen 
tations, multitasking and parallel processing may be prefer 
able. As another example, although the use of UI patterns has 
been described in connection with business objects and busi 
ness data, patterns can be used with other types of objects and 
with data that is not business-related. 

Patterns can also be developed using different development 
processes in different development environments, and 
executed in different run-time systems. For example, patterns 
can be developed using an integrated development environ 
ment (IDE) that incorporates tools for building, testing, 
deploying, and maintaining applications (e.g., configuration 
applications and pattern components). Such tools can include 
visual development tools, templates (e.g., code templates), 
and class libraries. A class library can include base classes 
that provide basic functionality (e.g., input/output, string 
manipulation, and network communication), as well as spe 
cialized classes that provide enhanced functionality (e.g., 
classes for building and using graphical user interfaces on 
clients, and for offloading application functionality onto 
Smart clients). Where an IDE Supports multiple languages, 
class libraries can provide a consistent development interface 
across those languages. 

In addition, some IDEs also provide services and function 
ality that can be used to reduce the amount of code that needs 
to be written manually. Such functionality can include, for 
example, the ability to declare and bind to data types, and the 
ability to bind application elements such as controls and data 
Structures. 

IDES can also provide code generation capabilities—for 
example, the ability to automatically generate plumbing code 
(e.g., code for drawing windows or accessing Web services), 
or the ability to automatically generate run-time code (e.g., by 
using code generators, compilers, or both). The automatic 
generation of run-time code allows programs to be targeted to 
multiple platforms. For example, a code generator can be 
used to automatically generate run-time code for one or more 
specific platforms based on the program code produced by a 
developer. Alternatively, the developer code can be compiled 
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for a run-time system, which can be hosted in multiple envi 
ronments (e.g., servers, clients, or a combination of servers 
and clients). 
Some IDEs also provide the ability to create metadata that 

specifies descriptive information about an application, and 
that can be used by a run-time system to provide services to 
the application. Metadata can be explicitly declared by a 
developer, generated in the process of generating run-time 
code, or both. 

Examples of IDEs that can be used to develop patterns 
include IDEs that are built using the open Eclipse Platform 
supported by the Eclipse Foundation (e.g., the Web Dynpro 
IDE developed by SAP, or the WebSphere Studio IDE devel 
oped by IBM Corp. of Armonk, N.Y.), as well as proprietary 
IDEs (e.g., the Visual Studio .NET IDE developed by 
Microsoft Corp. of Redmond, Wash.). 
The overall process of developing a pattern (including, 

e.g., developing a configuration application and a pattern 
component) can include a design time aspect and a run-time 
aspect. The design time aspect can involve use of the IDE to 
write code and to declare attributes, bindings, and other meta 
data. The code and the metadata can then be used to generate 
run-time code to be executed in a run-time system. Some 
development environments can be coupled to a correspond 
ing run-time system, which allows programs developed in 
Such development environments to take advantage of services 
offered by the corresponding run-time systems. For example, 
in the Web Dynpro environment discussed in conjunction 
with FIG. 5, applications can take advantage of services Such 
as input help and validation offered by the Web Dynpro runt 
ime, which frees developers from having to code such func 
tionality manually into their programs. 

Run-time systems provide a code execution environment 
that generally includes core services (e.g., memory, process, 
and session management), as well as enhanced services (e.g., 
input help and validation). In addition to the Web Dynpro 
runtime, other examples of run-time systems include virtual 
machines (e.g. the JavaTMVirtual Machine), and the Common 
Language Runtime (a run-time system developed by 
Microsoft Corp.) As specified above, run-time systems can be 
hosted in multiple environments, including servers and cli 
ents. Servers generally provide a core operating environment 
for applications (e.g., by providing a run-time system in 
which the application can execute). An example of a server is 
a J2EETM-compliant server, such as the Web Application 
Server from SAP or the WebShereTM Application Server from 
IBM Corp. 
What is claimed is: 
1. A computer program product, tangibly embodied in a 

machine-readable storage device, comprising instructions 
operable to cause data processing apparatus to: 

define a component having an external interface and an 
internal interface for embedding external components 
into the component, each external component being a 
reusable software component encapsulating functional 
ity, wherein multiple instances of each external compo 
nent are usable at the same time, 

the external interface comprising: 
an external programming interface for programmatic 

interaction with the component, 
an external data-binding interface for data communica 

tion with the component, and 
an external visual interface for access to a visual repre 

sentation of a state of the component; and 
the internal interface comprising: 

an embedding interface for specifying one or more 
external interfaces of the external components to be 
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18 
embedded and a number of instances of each external 
component to be embedded: 

an internal programming interface for programmatic 
interaction with the external components to be 
embedded, 

an internal data-binding interface for data communica 
tion with the external components to be embedded, 
and 

an internal visual interface for access to a visual repre 
sentation of a state of the external components to be 
embedded. 

2. The computer program product of claim 1, wherein the 
external programming interface, the external data-binding 
interface, and the external visual interface are separate inter 
faces. 

3. The computer program product of claim 1, wherein the 
embedding interface, the internal programming interface, the 
internal data-binding interface, and the internal visual inter 
face are separate interfaces. 

4. The computer program product of claim 1, wherein one 
or more of the internal programming interface, the internal 
data-binding interface, and the internal visual interface are 
not implemented. 

5. A computer program product, tangibly embodied in a 
machine-readable storage device, comprising instructions 
operable to cause data processing apparatus to: 

receive user input identifying a first component having an 
internal interface for embedding external components, 
wherein the internal interface comprises an internal pro 
gramming interface, an internal data-binding interface, 
an internal visual interface, and an embedding interface 
embedding interface for specifying one or more external 
interfaces of the embeddable external components; 

receive user input identifying a second component, 
embeddable by the first component, the second compo 
nent having an external interface among the one or more 
external interfaces specified by the embedding interface 
of the first component, wherein the external interface 
comprises an external programming interface, an exter 
nal data-binding interface, and an external visual inter 
face; 

receive user input embedding the second component 
within the first component, wherein the user input 
embedding the second component comprises configura 
tion data for the embedding interface, the internal pro 
gramming interface, the internal data-binding interface, 
and the internal visual interface, of the first component, 
wherein the configuration data for the internal program 
ming interface, the internal data-binding interface, and 
the internal visual interface specifies connections with 
the external programming interface, the external data 
binding interface, and the external visual interface, 
respectively; and 

connect the internal interface of the first component to the 
external interface of the second component. 

6. The computer program product of claim 5, wherein the 
external interface of the second component corresponds to the 
external interface of the first component. 

7. The computer program product of claim 6, wherein the 
second component has multiple instances that are usable at 
the same time, wherein the configuration data for the embed 
ding interface specifies a number of instances of the second 
component that are embedded in the first component. 

8. A computer implemented method, comprising: 
receiving user input identifying a first component having 

an internal interface for embedding external compo 
nents, wherein the internal interface comprises an inter 
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nal programming interface, an internal data-binding 
interface, an internal visual interface, and an embedding 
interface for specifying one or more external interfaces 
of the embeddable external components: 

receiving user input identifying a second component, 5 
embeddable by the first component, the second compo 
nent having an external interface among the one or more 
external interfaces specified by the embedding interface 
of the first component, wherein the external interface 
comprises an external programming interface, an exter- 10 
nal data-binding interface, and an external visual inter 
face; 

receiving user input embedding the second component 
within the first component, 

generating configuration data for the first component in 15 
response to the received user input embedding the sec 
ond component, wherein the configuration data includes 
configuration data for the embedding interface, the inter 
nal programming interface, the internal data-binding 
interface, and the internal visual interface, wherein the 20 
configuration data for the internal programming inter 
face, the internal data-binding interface, and the internal 
visual interface specifies connections with the external 
programming interface, the external data-binding inter 
face, and the external visual interface, respectively; and 25 

connecting the internal interface of the first component to 
the external interface of the second component. 

9. The method of claim8, wherein the external interface of 
the second component corresponds to the external interface of 
the first component. 30 

10. The method of claim 8, wherein the second component 
has multiple instances that are usable at the same time, 
wherein the configuration data for the embedding interface 
specifies a number of instances of the second component that 
are embedded in the first component. 

20 
11. A machine-readable storage device, comprising: 
means for receiving user input identifying a first compo 

nent having an internal interface for embedding external 
components, wherein the internal interface comprises an 
internal programming interface, an internal data-bind 
ing interface, an internal visual interface, and an embed 
ding interface for specifying one or more external inter 
faces of the embeddable external components: 

means for receiving user input identifying a second com 
ponent embeddable by the first component, the second 
component having an external interface among the one 
or more external interfaces specified by the embedding 
interface of the first component, wherein the external 
interface comprises an external programming interface, 
an external data-binding interface, and an external visual 
interface; 

means for receiving user input embedding the second com 
ponent within the first component; 

means for generating configuration data for the first com 
ponent in response to the received user input embedding 
the second component, wherein the configuration data 
includes configuration data for the embedding interface, 
the internal programming interface, the internal data 
binding interface, and the internal visual interface, 
wherein the configuration data for the internal program 
ming interface, the internal data-binding interface, and 
the internal visual interface specifies connections with 
the external programming interface, the external data 
binding interface, and the external visual interface, 
respectively; and 

means for connecting the internal interface of the first 
component to the external interface of the second com 
ponent. 


